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(54)TitIe: ADHESIVE 1 . 

(57) Abstract 

Inert polymeric materials, for example poly amides, are bonded by applying to one or both surfaces a composition compris- 
ing a compound having a phenolic group and having substituents which reduce the toxicity of the compound, the composition be- 
ing a solvent for the inert polymer, and mating the surfaces. Preferred compounds are carvacrol, and/or thymol. A eutectic mix- 
ture of carvacrol and thymol may be used to -20°C. Adhesives according to the invention have a poly amide dissolved in the 
composition. 
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Title: ADHESIVE 

FIELD OF THE INVENTION 

The present invention relates to a method of 
bonding inert polymers and to adhesive compositions for 
use in the method . 
BACKGROUND OF THE INVENTION 

Inert polymeric materials, such as polyamide 
compositions, have been bonded in the past by 
application to the surface of the materials of a solvent 
effective for the materials to be joined, resulting in 
interpenetratioa in the bonding zone of "the poTyrtiers 
from both surfaces. " Such adhesion is due primarily to 
- cohesion withrtf the : s olid p6 l£md rV' thu ? s ''-f a-i'^iig'^ ..tK^,. f r.- • 
bonding, region after the solvent evaporates. - ■ 

Alternatively, where the degree cif mating of the two V 
surfaces to be bonded is too grea,t for the above f \ 
mechanism to give the desired, adhesive strength, an ~ 
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adhesive can, be prepared .containing pre-dissplved 
polyamide so to as enhance the "gap filling" ability of 
the. adhesive, . . 

Materials currently inuse as solvents of the above 
mentioned kind are few dt(e to the : inertness of the 
polymer to solvent attack* The solvents currently used 
generally are good hydrogen ;bcvnaqrs # contain some 
hydrophobic moieties and ; often ^acidic r hydrogen. Such a 
combination of properties results in the Jsnown ^solvents 
being toxic, to man. The toxicity is -often . systemic and 
via external exposure, with risk of burns and lesions . 
The most well-known; class, of such solvents are phenols 
which are highly toxic, tp c man. The most common known 
:f ol T— - s - f ? r PP-lyamijaje are. crespls and chlorophenols 
. b pth p^ which are known t o be harmful' substances,. Other 
f? lv W£s, include various; f luoroalGphols; nhich -ar.e 
generally highly, toxic to man. c 

, cT^ v ?iri : ? b i? pts -r*?-^ feh, e c; gresent i: ; invention- are to 
.Providian, adhesive ^suitable; for use , . in i bonding inert 
polymeric materials, especially polyamides, and having 
1 ?™ :^ o: ~^ i *^f Particularly low systemic; toxicity^ ; 
,:?5 0V ^W i^9 h J* 3 ^ 5 ^ 11 str^ength^ particularly with 
reference to tensile ancl^peel testing; providing 

p ? faring ; such, that joint strength is acquired 
quickly; haying broad temperature applicability;, and 
s haying desirable gap, filling r capability. : Desirably the 
adh siv;e ; should, be. suitable for joining pipe systems 



BNSOOCID: <WO 9005756A 1_l_> 



WO 90/05756 



PCT/AU89/00496 



- 3 - 

to^ be pressurized; e.g. $as pipfes : and f ittings 7 and 
should have a good shelf life* ; 

An adhesive meeting the above objects ^ould~have 
applications in the food/water processing ' a ; r6ks for 
which currently available (relatively toxic) adhesives 
^ are unsuitable. - 

DISCLOSURE OF' THE INVENTION • V/ ; - 

According ±0 one asfcehtf, the "inventi:bii"-cottWiW : ts in 
* a method for adhering one inert polymeric material 
surface to another comprising* the steps of: 
(i) applying to at "least one of tiie surfaces a 
^substantially non-toxic compositiori comprising at least 
one : compound -having a phenolic hydroxyl group" and one or 
a combination of subs t'ituents which 1 ' deduce the "toxicity 
;Hof the compound 1 / said* cbmpo^ifcion having the Capability 
to ac-t ra& } a- solvent for said inert pbl^mferic' material, ~' 
and • ' * ■ ■ } ^ 4 

(id) bringing said" surf aces rhtb "bonding relationship. 
; For preference, the -dbmpbsitib 
: .. r. phenol . Carvacroi -and/bf thymol , or more pr'dtf Urably an 
eutectic mixture "of carvacrbf '''B^^hi^ol'/^likv^'^een 1 
f ourid to • be -especially sua t'-afclV for "bonding pblyamrdes . 

According to a second ^spec€V J t^^ lnvieritibiv : 1; * 
consists in an adhesive f -or lriert :i pNblynWrifc materials 
comprising at least one f febftpblind haviri^ a phenofkc 
- hydroxyl group, and one orv r a* ebftibinatiori Vf substituehts 
which reduce, the -toxicity of' 1 the cottipoiind; the : 
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composition having the capability to act as a solvent 
for said inert polymeric material. 

PREFERRED EMBODIMENTS OF THE INVENTION ; ; . 

The invention will now be more particularly 
.. described with reference* to various embodiments byway 
, * of example pnly. The invention will be exemplified with 

particular reference to the bonding: of polyamides*.- 
r - Polyamides are polymers in which regularly occuring 
amide groups are part of a methylene polymer:: chain as 
shown in" Figure 1. . i -r; v. • v 




. . -* v, - i Figure- jq. oo 

Specific polyamides (abbreviated to "PA") are • 
identified by numerals -which- indicate the number of 
carbon atoms in the carbon chain. of - each repeating unit 
of the polymer >. Thus, with reference .to .Figure ;1> PA 11 
is the -name given yto the ; polyamide polymer in which n - 
10, and r PA. ( -iL?; /: isF/-;bfeB name giyen to .the polyamide polymer 
—in which n = 11 and so on. In; addition, AABB polyamide 
Polymers ; are known and in that case a designation such 
•as PA .12/12 indicates, that the chain is derived from 
diamine units having 12 carbon atoms and dicarboxylic 
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' acid units having 12 carb<Si atoms. PA 6/12 indicates a 
chain derived from 6-carbon-atom diamine units 
co-polymerized with 12-carbon-atom dicarboxy lie. acid 
units and so on. : - ; • ; 

In an attempt -too develop an improved afdhesive for 
polyamides a large number of compounds were screened as 
solvents for PA W • ^ : ^ ^ o ■ : : * f : v •:: 

: The solvents were tested alone arid i'n^ mixtures and 

were selected from:> * 

Aromatic and aliphatic amines 

Aromatic and aliphatic alcohols 

Aromatic and aliphatic halides 

Aromatic and cyclic aliphatic ethers 

Aromatic and aliphatic acids 

Metal salts in combination with various organic 
solvents 

Of the compounds : tested from the above categories 
none were effective solvents; for PA- 11 . ~ 

Phenols, testediwere~ f otind^ to b& effective aS— r 
solvents. However; these were initially 'rejected as 
1. being as, or more, toxic than methyl phenol - £cx?4soi) , 

and because most have melting points above roorrr - • 
\r-<\\ temper ature; ■ Some high me It incf point pllenols ; ?r When 
? :' ..dissolved in a :halogenated Solvent ; we r^e found* to form a 
reasonably ef f ective glue *but- those cdmpositibns Had 
little capacity to dissolve PA 11 to giv^e gap filling 
abilities ♦ : Moreover/- either the phenol or solvent or 
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both were harmful ^or environmentally undesirable. 
According to the present invention, there is^ 
applied to a surface of the polyamide to be bonded a 
compound having a phenolic hydroxyl group and one or a 
combination of substituents which reduce the toxicity of 
the compound, the composition having the "capability to 
act as a solvent for the polyamide; For preference, the 
coinpooind As selected ftora diall^l phenols, the 
substituents being selected from the group consisting of 
methyl, ethyl, propyl, butyl, iso-^xfopyl, sec-butyl and 
tert^buty-1. . < - ~* ^ - i 

A highly preferred compound' for application as a 
polyamide adhesive is< c'arvacror (2-METHYIi 1 , 5-ISOPRdPYL 
PHENOL) which has a singlet phenolic hydroxyl grbup 
having a' meta-isopr'Opyl substituent and an adjacent 
methyl substituents i v --^-v; ?• J. ;j : ? 

Another highly^ jbrfe-f erred compound" fair use in / the 
i nvent i on i s thymb 1- *( 5— METHYL , 2 - tSOPROP^L PHENOL ) whi ch 
has a single phenolic"- hydrbxyl gi:6up f sterically hindered 
by the ortho-isopropyl substituent and a mefca methyl 
■ substitueiltv •' * .v - i . .\*.;r i 

The chemical Tstrudtures of carvacrol and thymol are 
:shown below: v-r c i . ; <?. -'■* > o~' r :a j> ir's:: c-:, 




CH 3 _ 

Carjacrd Thymol 

Figure 2 
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The isopropyl and --methyl substituents together 
reduce the toxicity of the compound, that is to say the 
substituted compound 'is less toxic than the < f 
corresponding unsubstituted phenol. : >2 

It has been found -that carvacrol and thymol are 
particularly eff active rsoilvents for polyamiies. > 
- ; T Carvacrol has> ahmelting point of about l°dC. and is 
therefore liquid at/^room temperature, whereas* -thymol, 
o having a melting point of about; 50°C, is Ja solid under 
ambient conditions . 

Both compounds occur naturally in essential oils 
commonly us eji as —food flayorants ;~ carvacrol is the major- 
constituent of oil of, prig v anum, and thymol the major -t 
constituent pf oil of thymer. B,oth are manufactured^ 
synthetically for a variety of commercial, usesn which 
include perfumery, antibacterial applications such as x 
toothpastes,^ mouth-washes, and flavour,, additives for 
fv fopd> for which bpth: C9mppunds, haye ^ t>een , appxbyed by the 
Food and Drug Admj. nipt ration of the ySA. . .i Toxicity data 
purrently . available -gives both, compounds the relatively 
innocuous rating of "irritating" . Both compounds .are 
thus substantially, harmless - in comparisonrwith, for 
example, cresols or chlorphenols . However; grades of 
sufficient purity should be employed. 

In particular, it is preferred to use a combination 
of carvacrol and thymol, desirably mixed in the 
proportion 2:1 by weight. 
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Carvacrol itself is * satisfactory solvent for 
various inert polymeric materials, particularly 
. • polyamides;, and provides acceptable adhesive bond 

strength.; However, it is unusable at below about 1°C as 
it solidifies. ■ - . f n: 

. Thymol has a melting point- of about- 50°C, and 
although it gives a satisfactory adhesive strengths when 
used-above- this temperature, it is often inconvenient 
for use on its own due to its high melting point. 

However, when carvacrol and thymol are mixed in the 
weight proportion 2 : 1- they form an eutectic mixture 
which remains liquid to below -20 °C? ' The eutectic 
mixture is therefore -advantageously chosen as the 
optimum solvent base for use in the present invention. 

• "In use, the mixture is applied to one, or r " 
preferably to both," surfaces of polyamide- parts to be 
bonded and -the treated surf aces ;afe'\hen mated face to 
f ace, that is to say ; are' brought into bonding 
-relationship''.. :"~ " i'.'.. i : .' 

: .' Although this solvent base alone can' form a 

satisfactory adhesive bond between well-mating pblyamide 
surfaces, it has little or no gap-filling properties and 
^is of tooa lbw «t viscosity to be applied effectively to 
inclined surf aces . f b > overcome these deficiencies' the 
i adhesive is preferably formuiated to contain up to 10% 
• of a polyamide in solution in the carvacrol/thymbi 

solvent base. The concentration and type of dissolved 
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polyamide in the adhesive? formulation is chosen to suit 
the type of service application desired. PA 11 is the 
preferred dissolved polymer^ for joining a PA 11? surface 
to either a PA 11 : or a PA 12 surface, while. PA 12: is 
preferred for bonding two PA 12 surfaces. -The polyamide 
or polyamides are preferably added to the: solvent as a 

. v powder, - .-r.\ « " ' 

■ At any given; temperature, increasing ■ the level of 
dissolved polyamide produces an adhesive of increased 
• viscosity, .which has improved gap-sf riling - properties , 
but ; a lengthened set time . Conversely a lower polyamide^ 
concentration lowers the viscosity of the adhesive, 
reducing the gap^filling properties , but speeding up the, 
set time. ^ Furthermore, temperature strongly aff ects the 
adhesive r s ..properties; both viscosity jand ^set time 
increase with .decreasing ^temperature .The .adhesive mayi* 
therefjoxe^ be formulated with varying : dissolved polyamide' 
concentrations suited to, the:lnte;nded: temperature of 
use, which maintain optimum set time and viscosity. Low 
ambient ; temperatures require a; lower/level of dissolved 
. : rr . „polyamide and, conversely, , high ambient temperatures 
require a higher l.ev.el ; e ^7 - , v /r^ 

. In. particular, fq? .an ^dhesiye to toe ; used to join 

, , polyamide,,pipe and fittings conforming to^Australian 
Standard 2944 ^t. ambienj: temperafcyreiS. .between 10 °C and 
30°jC the preferred concentration: of rdisSblved polyamide 
is 5% by weight. 
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Although AS 2.944 relates to gas pipes , the 
invention is applicable to pipes used for other purposes 
and- for joining tubes. 

The adhesives of the present invention are 
preferably used for adhering PA H or PA 12 surfaces 
together by a solvent adhesive mechanism. This 
mechanism may be explained /r in simp Ife terins as follows: 
? 1. The adhesive dissolves^ each of "the two surfaces to 
be bonded Resulting in interpenetration in the bonding 
zone of 'polymer from bath surfaces as" a solution in the 
adhesive; - r ' i- i >.» 

2. The solvent ■) is lost by evaporation or perietration 
and diffusion into the'bbdy of the substrate and/or 
eventual evaporation, leaving the bbiidrhg zone comprised 
of solid polymer; The— resultant adhesion 'between the 
two substrates is due primarily to cohesion within the 
solid- polymer thait fills the ; bonding r4gibn after loss 
of solvent. Wher6 the degree of mating of the two 
surfaces is insufficient for *the ; above mechanism ' to give 
"the desired -adhesive strength, ■ th£ adhesive may be 
preparatd ^tb poiyaraide so as to 

fenhahce %he* gap^-f illirig ability of the adhesive. 
« - 1 Preferred ^ embbdimerits of have the 
*< advratages r of : ; ■ .1 ■ •> v w , ■ " ^ r '-*- ! 

li Being relatively- nah-toxic in comparison with those 

previous ly txked and hiving rib systemic toxicity; 1 

2. Having an unlimited shelf life and remaining liquid 
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down to a temperature ofi?-20 o C; 

3. , Having viscosities suitable for applying a film of 
the minimum thickness necessary to form an adhesive bond 
over -the, temperature range -20 °C to +3 5°C; 

4. Forming effective adhesive boiids when ; applied at . 
ambient temperatures within the range -20°C; to +35 °C; 

5. Setting within ,30; minutes pf th6 assembly of a 
joint between, a poly£rnide pipe fcnd corresponding pipe 
fitting conforming to Australian Standard 2944, the 
joint Jbeing <atbLe Jzo withstand an internal, pressure test 
of 320 kPa, and a tensile load equivalent to 60% of the, 

t yielql load of :> the ; .pipe after, this: period; 

6. i .Forming adhesively bonded, joints as per 5 above 
which atjtai^\maximum. strength within a week and which 

, will withstand ,a tensile, load in excess; of the yield 
lp^d t of tb£ pipe, , lt~:&.' - : . ;• . , z 

Adhe^jLyes prepared in accordance with the /present 
invention.may be varied : extensively wirth regard to 
setting £ate,,.. anxj hence -may be used^ in service - 
applications where^ japid setting is enquired, -/as - well as 
. those where rapid setting may be , disadvantageous:. : ^. 

The adhesives are not/ ^limited ;to ^use.:with -PA> -11 and 
PA. 12 and .ace 4 , also applicable PA l?/!^ PA 10/10 , PA 
6/12 , PA 6/10 / PA 6/6 , PA 6, PA 4/6 and; other polyamides / 

..Although exemplified^ by ^ jref exenco: to rbonding of 
polyamides it . is -anticipated that pdhesives.f according to 
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the invention may be used^to -bond other materials for 
example polyamide block copolymers , branch chain 
polyamides:, etc. * and the suitability for bonding 
particular materials can be determined by routine 
Resting having ^regard to the teaching hereof. 

Although thymol and carvscrol have been found to be 
particularly effective irv; combination each can be used 
alone or with other compounds;^ c .r * 

Although specific embodiments of the present 
invention^ haye, been described in detail, herein, it 
should be understood that the present invention is not 
restricted to the preferred embodiments. 

As will be apparent to those skilled in the art 
from the- teaching hereof, other substituted phenols in 
whicii the substituents are effective -to reduce the 
\ toxicity of the; compound,, ;a;rid: which are "effective' in the 
dissolution je>jg JPAlyamides may be selected for use in 
adhesives; according* to the invent ion. 

■ Dialky^L j>jienols in which the substituents are' 
selected from the group methyl, ethyl; propyl, butyl, 
isopropyl, se^rfcutyl, and tert-butyl aire, or are likely 
to, be, .suitable for: use, an an ^adhesive for polyamides as 
herein disclosed, and can -be ! screened .for toxicity and 
solvation, efficiency tbyv known methods.: Combinations of 
such, compounds: which? are- liquid at - ambient temper ature 
are especially preferred but it is sufficient that- the 
composition be liquid/ at the temperature of application 
to the polyamide. 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS : - 

1. A method for adhering one inert polymeric material 
surface to another comprising the steps of: J 1 

(i) applying to at least one of the surfaces a r 
composition comprising at least' one compound having a 
phenolic hydroxy 1 group arid bnfe or a combination of 
>substituents which reduce the toxicity of the- compound, 
said composition having the capability to act as a 
solvent for said inert : polymeric material, and 

(ii) bringing said surf aces into bonding relationship . 

2. , A; method according to Glaira^l wherein the inert - 
polymeric material \ is "a polyamidev v 

3. A method ^according , to Claim 1 or Claim 2 wherein 
the ? at least -one compound is; a dialkyl ' substituted - 
phenol the;, sufestitiienfe heing selected f rom the c^roiip 
consisting -of methyl >i,;etiiyl,, cpxopyl, butyl/ iso-propyl, 
sec-butyl ^ atrndi ,-tert— butyl alkyl :substituents * J J 

4. A method accQrdmg..:to any one- of the preceding ■ * 
claims wherein .th.e.' compound has an isopiropyl substituent . 

5. , ; A method according to any one of the preceding- 
claims wherein- th& compound is- carvacrdi. r c* ; - - 

^ , ; 6. j A method according ito any: one of claims^ 1 to 4" ,:; 
y t ^he^redlnr the compound is , thymol . ^ ; - i 1 

4 

5 7 • - A method according to any one of ^ei&ims^ '-'V- to 4 - ? 
: wherein, the cpmposiJtiohi comprises-^* mixture of carvacrol 
and . thymol • * j ... j . : c ~> "•r^.>r« : v I !' • • " * 

r: 8. A method according to Claim^7 -wherein thd " 
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composition comprises a mixture of carvacrol and thymol 
in proportions at or near those of an eutectic mixture. 
9. A method according to any one of the preceding 
claims' Wherein the at least one inert polymeric material 
surface to be bonded is ;a polyamide selected from the 
group comprising PA 11, PA 12; PA 12/12; PA 6/12, PA 
10/10, PA .6/10,; EA .6/6., /.PA^fi and .PA 4/6. o 
l- ^ 10, A method according to any one of the preceding 
claims wherein the composition further comprises a 
dissolved polyamide. *• ' 
11. A method according to Claim 1©: wherein a ^polyamide 

: selected f rom the g f roup consisting of ^PA 11; PA 12, PA 
10/10, PA 12/12, PA 6/12 , PA ^6/10, PA 6/6 / PA 6 and PA 
4/6 is dissolved in the composition prior to applying to 
the inert polymeric raatetial. * : ^ 

* : 12. - A method according* to Gl^im 10 wherein the selected 
polyamide is PA 11 or PA 12. ? ■ ' 

13 . <" A - method sttbstantiklly ^!as -herein described with 
reference to ahy one o'f the -exainpl^s'. 

14. An adhesive for inert polymeric' materials - - 

■ c Comprising at least' one compound having a phenolic 
hydroxy 1 group and having one or a combination of 
substltueiits Which: teducec the toxicity bf the compound, 
the compos itioni having the capability^ to act as ia 

' ^solvent* fbr said inert pol^eric material. ' 

15. An adhesive iaccd-rdiSxg tb Gl&im 14 comprising a 
dia Iky if substituted phenol, the sfcbstituent being 
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Selected from the group consisting of methyl/ ethyl, 
propyl, .butyl, iso-propyl, sec-butyl and tert-butyl 
alkyl substituents . 
/ 16. An adhesive according to claims 14 or 15 ^further 
comprising a dissolved polyamideo: ^ - 

17 ; An . adhesive according to any one o^ claims/ 14 to 16 
wherein the compound has an isopropyl substitueht i . 

18. An adhesive aqcqrding to I any one 'of claims 14 to 16 
wherein the compound is carvacrol. 

19. An adhesive according to anyone of claims 14 to 17 
r : -wherein .the compound is thymo J? . r • S '3**. 

20. An ;adhesive according to claims 14 to 17 wherein 
the composition comprises ,a; .-mixture of carvacrol and 

■j /thymol. r - ; 

21. An adhesive according -to Claim 20 # wherein the 
.propc^tion Qff t .cary^crQl> fee* thymol- is, ?0r is close to,^ ; 

that of an eutectic mixture/ to v <; 

22 . An adhesive, -aocqrding .to-any rone pf claims 14 to 20 
wherein the dissolved; pplyamide comprises ; a polyamide 
selected* £jpom the group comprising PA- 11, pa 12, PA 
10/10/ PA 12/qL2^ PAr 6/12, PA.6r/10>:PA 6/6 , ^ PA ; 6- and PA 
4/6> r ; — ■ . ^ • f ; v-f v i : r ■ :■■ : v qv 1 -:'- I Y~ : o : . r ■ 

-23 . , An; adhesive according ^H^QVCilarifn*' j2<0 # ^ wbe.rein.. the 
dissolved poly. amide: t i:S-. r PA : ~1JL oXj PA? 12-. : / : ^ ^ /•' 
24 . An adhesive substantially, asi herein: described -with 
; ref erence T to r any*pne o£; thei.exaiaples; : ; . -j 
25. . An adhesive "according ±pc any one : of claims 13 to 21 
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when applied to a polyamide 7 surf ace. 5 

26. A polyamide product bonded with another polyamide 

i product by means of an adhesive according to any one :of 

claims 13 r to 25. 

27. A polyamide pipe bonded with another pipe or pipe 
fitting by means of an adhesive according to any one of 

! claims 13 to 21. 
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